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ABSTRACT 

Context. Stellar pulsations in main-sequence B-type stars are driven by the re-mechanism due to the Fe-group opac- 
ity bump. Fhe current models do not predict the presence of instability strips in the B spectral domain at very low 
metallicities. As the metallicity of the SMC is lower than Z = 0.005, it constitutes a very suitable object to test these 
predictions. 

Aims. The main objective is to investigate the existence of B-type pulsators at low metallicities, searching for short-term 
periodic variability in absorption-line B and Be stars in the SMC. The analysis has been performed in a sample of 313 
B and Be stars with fundamental astrophysical parameters accurately determined from high-resolution spectroscopy. 
Methods. Photometric light curves of the MACHO project have been analyzed using standard Fourier techniques and 
linear and non-linear least squares fitting methods. The position of the pulsating stars in the HR diagram has been 
used to ascertain their nature and to map the instability regions in the SMC. 

Results. We have detected 9 absorption-line B stars showing short-period variability, two among them being multiperi- 
odic. One star is most likely a f3 Cephei variable and the remaining 8 are SPB stars. The SPB instability strip in the 
SMC is shifted towards higher temperatures than the Galaxy. In the Be star sample, 32 stars are short-period variables, 
20 among them multiperiodic. 4.9% of B stars and 25.3% of Be stars are pulsating stars. 

Conclusions. (3 Cephei and SPB stars do exist at the SMC metallicity. The fractions of SPB stars and pulsating Be 
stars in the SMC are lower than in the Galaxy. The fraction of pulsating Be stars in the SMC is much higher than the 
fraction of pulsating absorption-line B stars, as in the Galaxy. 

Key words. Stars: emission-line, Be - Stars: oscillations (including pulsations) - Stars: early-type - Stars: statistics - 
Galaxies: Magellanic Clouds 



1. Introduction 

' A significant fraction of main-sequence B-type stars are 
known to be variable. The whole main-sequence in the B 
spectral range is populated by stars belonging to two well 
chara cterized classes of pulsatin g variables: the (3 Cephei 
stars (|Stankov fc Handler 2005j) and the Slowly Pulsating 

' B stars (SPB stars. Ide Catll2002l ). Both types of stars pul- 
sate due to the K-mechanism acting in the partial ionization 
zones of iron-group elements. (3 Cephei stars do pulsate in 
low-order p- and g-modes with periods similar to the funda- 
mental radial mode. SPB stars are high-radial order g-mode 
pulsators with periods longer than the fundamental radial 
one. 

The K-mechanism in j3 Cephei and SPB stars has an 
important dependence on the abundance of iron-group ele- 
ments, and hence the respective instability strips have a 
great de pendence on the me tallicity of the stellar envi- 
ronment. iPamvatn vkh (1999) showed that the (3 Cephei 
and SPB instability strips practically vanish at Z < 0.01 
and Z < 0.006, respectively. The metallicity of the Small 
Magellanic Cloud (SMC) has been measur ed to be be- 
tween Z = 0.001 and Z = 0.004 (see iMaeder et ah! 
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1999, and references therein). Therefore, it is not ex- 
pected to find (3 Cephei or SPB pulsators in the SMC. 
However, as observational capabilities progress, B-type pul- 
sators are found in low-m etallicity environments (see, e.g., 
i Kolaczkowski et "aT1l2006l and references therein). Recently, 
iMiglio et al.l (2007a. b) have made new calculations based 
on OPAL and updated OP opacities and different metal 
mixtures. They have shown that the blue border of the 
SPB instability strip is displaced at higher effective tem- 
peratures at solar metallicity, and that a SPB instability 
strip exists at metallicities as low as Z = 0.005. Their cal- 
culations, however, do not predict (3 Cephei pulsations at 
Z = 0.005. 

Another large class of stars populating the B-type 
main sequence are the Be stars. They are defined as non- 
supergiant B star whose spectrum has or had at some time 
one or more Balmer lines in emission. As the Be nature 
is transient, Be stars might exhibit a normal B-type spec- 
trum at times, and hitherto normal B stars may become 
Be stars. Classical Be stars are physically understood as 
rapidly rotating B-type stars with line emission arising from 
a circumstellar disk in the equatorial plane, made by mat- 
ter ejected from the stellar photosphere by me chanisms not 
yet understood (see iPorter &: Riviniusl 120031 for a recent 
review) . 
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Be stars show two different types of photometric vari- 
ability with different origin and time-scale: (i) Long-term 
variability due to variations in size and density of the cir- 
cumstellar envelope. Variations are irregular and sometimes 
quasi-periodic, with time scales of weeks to years; (ii) Short- 
term periodic variability, with time-scales from 0.1 to 3 
days, attributed to the presence of non-radial pulsations. 
As pulsating Be stars occupy the same region of the HR di- 
agram as (3 Cephei and SPB stars, it is generally assumed 
that pulsations have the same origin, i.e., p and/or g-mode 
pulsations driven by the /t-mechanism associated with the 
Fe bump. The current theoretical models are not suitable 
to describe the pulsational characteristics of Be stars, due 
to the high rotational velocity of these objects. 

However, recent devel opments are con tributing to 
progress on this issue (e.g. iReese et""al"1l2006l ). In a recent 
study of the pulsational prop erties of Be stars in the Galaxy, 
iGutierrez-Soto et al.1 (|2007l hereafter GS07) have shown 
that the fraction of pulsators among Be stars is much higher 
than in absorption- line slow-rotating stars in the same spec- 
tral range. 

The aim of this work is to search for short-term periodic 
variability in both B and Be stars in the SMC. We have fo- 
cused our rese arch on a sampl e of mo re than 300 B-type 
stars for which iMartavan et all (|2007bl . hereafter M07) ob- 
tained high-resolution spectroscopy with the FLAMES in- 
strument at ESO/VLT. M07 have identified the Be stars, 
provided spectral classification for the whole sample and ac- 
curately calculated the fundamental astrophysical param- 
eters, including log Teg- and log L/Lq. This will allow us 
to place the periodic variables in the theoretical HR dia- 
gram in order to better understand their nature and to map 
the regions of pulsational instability at the SMC metal- 
licity. A preliminary discussion of some of the pulsating 
Be stars found in this w ork has already been presented by 
IMartavan et~aH (|2007al ). 

The search for periodic variability has been done by ana- 
lyzing t he photometric time series provided by the MACHO 
project (jAlcock et al.lll999T ). MACHO is a microlensing sur- 
vey experiment that monitored about 60 million stars in the 
Magellanic Clouds and the Galactic Bulge. The time span 
of the MACHO observations is large enough to provide a 
very high frequency resolution in the spectral analysis and 
hence allow us to distinguish between very close frequen- 
cies. 

2. Data analysis 

2.1. The sample 

A total of 198 absorption-line B stars were studied by 
M07. Among them, 4 are not included in the MACHO 
database and 8 more do not have measured errors in 
their photometry. From the remaining 186 stars, we con- 
sider 3 to be Be stars, since they show outbursts in their 
light curves (SMC5_074305 and SMC5.079021) or long- 
term quasi-periodic variations (SMC5_082379). These char- 
acteristics are typical of Be stars. The transient nature of 
the Be phenomenon can explain the non-detection by M07 
of the Ha emission in these 3 stars. Therefore, the final sam- 
ple of absorption-line B stars for which we have performed 
frequency analysis is composed of 183 stars. 

The initial sample of Be stars studied by M07 is com- 
posed of 131 objects. 2 of them are not present in the 



100 - 


■ B stars 


90 - 




Be stars 


80 - 






70 - 






60 - 






50 - 




■ 


40 - 






30 - 




1 


20 - 






10 
- 


- - ■ 





09 B0 Bl B2 BB B4 B5 B6 B7 B8 B9 AO Al A5 
Spectral type 



Fig. 1. Distribution of our sample of B and Be stars from 
the SMC as a function of their spectral types. 

MACHO database, and 2 more do not have measured er- 
rors. On the other hand, we have added the 3 stars con- 
sidered to be Be stars as explained in the above para- 
graph. Therefore, our sample of Be stars with MACHO 
photometry consists of 130 objects. Among them, 4 present 
a very complex long-term light curve, with bursting behav- 
ior and irregular high-amplitude variations, which prevents 
the search for short-term variability. The final Be star sam- 
ple for which we have performed frequency analysis is thus 
composed of 126 stars. 

The distribution of our definitive samples of B and Be 
stars as a function of their spectral type is presented in 
Fig. [U The spectral classification has been taken from M07. 

2.2. Frequency analysis 

The MACHO survey provides photometric instrumental 
magnitudes for each star in two contiguous "blue" and 
"red" passbands, which are labeled B and R. They are 
at different wavelengths than the standard B and R pass- 
bands in the Johnson-Cousins photometric system. The 
light curves have an average of 1000 data points spanning 
2700 days. A typical 1-day alias pattern is present in the 
spectral window of the MACHO data, since the observa- 
tions were obtained at only one site. 

The frequency analysis was performed in both B and 
R datasets using a self-developed code based on stan- 
dard Fourier techniques, and linear and non-linear least- 
square fitting. This code is quasi-automatic and suitable 
for medium to large sets of data. 

The first step of our method consists of searching for 
frequencies one by one by computing t he discrete Fourier 
transform (|Deemin 3 ll975t IScargldll982l) of the light curve, 
and then adjusting a sinusoidal function for the detected 
frequency by means of linear least-square fitting. When a 
frequency is found, it is prcwhitcned from the original data 
and in a new step a search begins for a new frequency in 
the residuals. The method is iterative and stops when the 
new frequency is not statistically significant. 

The criterion used to determine whether the frequen- 
cies are statistically significant is the signal to no i se am - 
plitude ratio requirement described in lBreger et a l. (1993). 
It consists of the calculation of the SNR of the frequency 
in the periodogram. This is made by calculating the signal 
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Table 1. Results of the variability search in the B and Be 
star samples. 
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as the amplitude of the peak for the frequency obtained 
and the noise as the average amplitude in the residual pe- 
riodogr am after the prewh itening of all the frequencies de- 
tected. iBreger et al.l (|T993) proposed that a value of SNR 
> 4 is a reliable criterion to distinguish between peaks due 
to real frequencies and noise. 

Once we have obtained a preliminary set of significant 
frequencies for each star and filter, we perform a non-linear 
multi-pa r amete r fitting based on the method described by 
IVamcekl (|1971[ ). also explained in detail by IZerbi et all 
(11997ft . This code simultaneously adjusts all the frequen- 
cies, allowing the fit to move over a wide range in frequency 
(global fitting) in order to obtain the minimum variance. 

Finally, we determine the amplitudes and phases for the 
definitive frequencies by least-square fitting to the data. 
The SNR are calculated for the new set of frequencies. Only 
significant frequencies are retained from the spectral anal- 
ysis. The phase diagrams folded with the detected frequen- 
cies are displayed in Figs. to available in the electronic 
version. 

The resolution in frequency for the majority of stars is 
~ 3.7 x 10~ 4 , following the Rayleigh criterion. The uncer- 
tainty on the detected frequencies is 1 — 5 x 1CP 5 c d _1 . 
This valu e has been derived analytical l y usin g the formula 
given by iMontgomerv fc O'Donoghud (|1999D , and taking 
int o account the correlations in the residuals, as described 
by ISchwarzenberg-Czernvl (|1991h . 

3. Results 

In this section we present the results of the search for vari- 
ability performed on the two samples of B and Be stars 
described above. A summary of these results is shown in 
Table [Q 

3.1. Short-term variability 

We consider as short-period variables those stars whose 
light curves present periodic variations with frequencies 
higher than 0.333 c d~ . In the sample of 183 absorption- 
line B stars we have found 9 short-period variables. Two 
among them are multiperiodic. In the sample of Be stars, 
126 have been analyzed for short-term variability. 32 Be 
stars have been found to be short-period variables, 20 
among them being multiperiodic. 

The detected frequencies with their amplitudes and 
phases for B and Be stars are presented in Tables [2] and [3] 
respectively. The phase diagrams for each star folded with 
the detected frequencies are depicted in Figs. and [3] for B 
and Be stars respectively (only available in the electronic 
version). 
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Fig. 4. Phase plot of SMC5.016544 in the B filter folded 
with the beat frequency (0.05780 c d _1 ). This indicates the 
presence of close frequencies with similar amplitudes. 



The amplitude variation due to the beating of two close 
frequencies is clearly seen in the light curves of four mul- 
tiperiodic variables, when folded with the difference of the 
two frequencies. This effect occurs when two waves of fre- 
quencies F\ and F 2 with similar amplitudes are present 
in the light curve. The frequency of the resulting wave is 
the average of the two detected frequencies \{F\ + F 2 ), 
but the amplitude oscillates with the frequency F\ — F 2 . 
This effect is clearly seen in Fig. HJ which is an exam- 
ple of a phase diagram folded with the beat frequency 
(Fi - F 2 = 0.05780 c d _1 in this case). The plots of the 
complete set of stars showing this pattern and the list of 
the beat frequencies are presented in Fig. [5] and Table H] 
respectively, available online. The presence of the beating 
phenomenon confirms the existence of close frequencies in 
these stars. 

3.2. Long-term variability 

In addition to the short-term variability, we have found 
periodic or quasi-periodic variations with frequencies lower 
than 0.333 c d _1 for 6 Be stars. The frequencies, amplitudes 
and phases are presented in Table [5l and the folded light 
curves in Fig. O both available online. 

One of these stars, S MC5J316161, has been discussed by 
iMartavan et al.l (|2007af ). who showed that it is an spectro- 
scopic binary, and interpreted the light curve as produced 
by ellipsoidal variability. 

3.3. Eclipsing binaries 

The light curves of 3 absorption-line B and 1 Be stars are 
characteristic of eclipsing binaries. Periods for each binary 
star are listed in Table[6]and phase diagrams are depicted in 
Figs. [7] and [H] for B and Be stars respectively (only available 
online). 

3.4. Irregular variability 

We have found a total of 5 Be stars showing outbursts or 
irregular variations (see Table [7]) . In 4 of them these varia- 
tions prevented us from performing a frequency analysis to 
search for short-term variability, as stated before. In Fig. [9] 
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Table 2. Pulsational characteristics of short-period variable absorption-line B stars in the SMC. 
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(available online) we show the irregular light curves of these 
Be stars. 

The star SMC5_079021 presents a photometric outburst 
at the end of the MACHO light curve. The data before the 
outburst does not show significant irregular variability, and 
therefore we have been able to perform a frequency analysis 
using only the first part of the light curve. Short-period 
multiperiodic variability has been detected (see Table [3]) . 

4. Discussion 

4.1. Pulsating B stars 

We have found 9 short-period variable absorption-line B 
stars. Their pulsational characteristics are presented in 
Table O In Fig. [TU] we have represented their positions 
in the theoretical HR diagram. The values of logT c ff and 
log L/Lq, as well as the spectral type and Vsmi, have been 
taken from M07. For comparison, we have also represented 
the theoretical boundaries of the (3 Cephei and SPB insta- 
bility strips and the ZAMS line for solar metallicity. All 
pulsating B stars are restricted to a narrow range of tem- 
peratures, between logT e g = 4.24 and 4.39 K. 

In the bottom panel of Fig. [TT] we display the period 
distribution of (3 Cephei an d S PB stars in the Galaxy, from 
IStankov k Handler! (|2005h and lde Catl (|2002D respectively. 
In the top panel we have represented the period distribution 
of our sample of pulsating B stars in the SMC. All stars but 
one have periods longer than 0.5 days, characteristic of SPB 
stars. Star SMC5_004326 has two close periods in the range 
of the p-mode pulsators in the Galaxy. In addition, it is the 
hottest star in our sample (logT g = 4.39 K). We propose 
that this star is a candidate (3 Cephei variable in the SMC. 
In Fig. [T2] we display the phase diagrams folded with the 
two detected frequencies. 

However, the periods found are somewhat too long to 
correspond to p-modes of a little evolved star. This may well 
be a high-order g-mode pulsator, ie. a SPB star. If this is the 
case, the SPB instability strip in the SMC is considerably 
shifted towards higher temperatures than predicted by the 
current models, as discussed in more detail below. 

In addition, SMC5_004326 has a large rotational ve- 
locity Vsini — 370 ± 30 km s _1 , while most (3 Cephei 
stars in the Galaxy ar e known to be slow rotators 
(|Stankov fc Handler 2005). However, these authors include 
in their list several fast-rotating bona fide (3 Cephei stars. 
They also suggest that the fact that most (3 Cephei stars 




4.6 4.5 4.4 4.3 4.2 4.1 4 3.9 

Fig. 10. Location of the B star sample in the theoretical 
HR diagram: single crosses represent stars in our sample, 
the empty circles represent single period detection and filled 
ones multiple period detection. The (3 Cephei and the SPB 
boundaries (dashed lines ) at s olar metallicity have been 
taken from iPamvatnvkhl (Il999f) The ZA MS at solar and 
SMC metallicity are from ISchaller et alj (|1992|) . 



are slow rotators can be a selection effect, as the highest- 
amplitude pulsators have the lowest rotational velocities. 

If SMC5_004326 is indeed a (3 Cephei star, this would 
constitute an unexpected result, as the current stellar mod- 
els do not predict p-mode pulsations at the SMC metallic- 
ity. However, as the assumed SMC metallicity is an average 
value, this particular case might correspond to a star with 
a higher metal content. A spectroscopic determination of 
its metallicity would help resolve this issue. 

The eight remaining pulsating stars in our sample are 
SPB variables. They are located on the main sequence 
of the HR diagram, in the temperature range between 
logT eff = 4.24 and 4.35 K (see Fig. [HI). The region contain- 
ing all the SPB stars is depicted with a dashed line. The 
high temperature limit is shifted towards hotter tempera- 
tures with respect to the instability strip at solar metallic- 
ity, represented in Fig. [TU] It is also placed at temperatures 
higher than the ones predicted by the new computations by 
iMiglio et all (|2007bf ) for Z = 0.005. The low-temperature 
limit is most likely of observational origin, due to the fact 
that there are few stars with lower temperatures in our 
sample, and their photometry is less accurate because of 
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Fig. 11. Period distribution of the pulsating B stars found 
in our SMC sample (top panel) compared to the galactic (3 
Cephei and SPB period distributions (bottom panel). All 
stars in our sample but one have periods longer than 0.5 
days, characteristic of SPB stars. 
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Fig. 13. Location of the B star sample in the theoretical HR 
diagram. The dashed line delimits the region that contains 
all SPB stars found in this work. 
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Fig. 14. Phase diagram of the SPB star SMC5_050662 
folded with the two detected frequencies. 
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Fig. 12. Phase diagram of the /3 Cephei star SMC5.004326 
folded with the two detected frequencies. 



their faintness. In Fig. [14] we display an example of the 
phase diagrams corresponding to a multiperiodic SPB star. 
A puzzling circumstance regarding our sample of SPB stars 
is that only one has been detected as multiperiodic. The 
only multiperiodic object has a secondary period which 
is exactly twice the primary one, and hence even this ob- 
ject could be monoperiodic but with a non-sinusoidal light 
curve. This means that the variability in some of these stars 
might not be caused by pulsations, but by other phenomena 
like eclipsing or ellipsoidal binarity. However, none of these 
stars have been detected as binary in the spectroscopic sur- 



vey of lMartavan et all (|2007ah . Thus, we consider our figure 
of eight stars as an upper limit to the number of bonna-fide 
SPB stars in our sample. 

SPB stars in the Galaxy are also characterized as having 
low-rotational ve locities, altho ugh there are several cases 
of fast rotation (|de Catl 120021 ). In our sample, SPB stars 
in the SMC have rotational velocities evenly distributed 
around the mean rotational velocity of absorption-line B 
stars (Vsini = 160 km s" 1 , M07). 

4.2. Pulsating Be stars 

In Fig. [15] we have represented the pulsating Be stars in 
the theoretical HR diagram. The values of the fundamen- 
tal parameters of the Be stars are corrected for rapid ro- 
tation assuming Vl/Vl c — 95% (M07). We have included 
in the figure the region where the SPB stars are located 
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Fig. 15. Location of the Be stars in the theoretical HR 
diagram. The dashed line represents the suggested SPB in- 
stability strip for the SMC. 



as described in the previous subsection. Most Be stars are 
placed inside or very close to this region, suggesting that 
most pulsating Be stars in the SMC are g-mode SPB-like 
pulsators. Three stars are significantly outside the strip to- 
wards higher temperatures (SMC5.014271, SMC5.014878 
and SMC5_037158). All of them are multiperiodic, with the 
detected periods lower than 0.3 days. Therefore, we propose 
that these stars may be (3 Cephei-like pulsators. 

As an example, we display in Fig.ll6lthe phase diagrams 
of the Be star SMC5_045353, folded with the detected fre- 
quencies. 
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4.3. Degree of variability 



Fig. 16. Phase diagram of the multiperiodic Be star 
SMC5_045353 folded with the three detected frequencies. 



The stellar samples searched for short-term variability are 
composed of 183 absorption-line B stars and 126 Be stars. 
We have found 9 pulsating stars among the former and 
32 among the latter. This means that 4.9% of B stars and 
25.3% of Be stars are short-term variables. If we restrict our 
comparison to the interval B2-B3, where most of the pul- 
sating stars are found (see discussion below), the fraction 
of pulsating B and Be stars is 5.4% and 31.5% respectively. 

The fraction of non-radial pulsators among the fast- 
rotating Be stars is much higher than the fraction among 
slow-rotating B stars. The same result was obtained for 
stars in the Galaxy by GS07. These results suggest that 
high rotational velocity has the effect of triggering the de- 
velopment of non-radial pulsations in B stars, or to enhance 
the amplitude of existing modes to make them more easily 
detectable. As an alternative explanation, the prevalence of 
non-radial pulsations could be related to the yet unknown 
nature of the Be phenomenon. 

To compare the degree of variability between B stars in 
the SMC and in the Galaxy we make use of the statistics of 
pulsating B stars presented by GS07. We have only found 
one (3 Cephei candidate in the SMC, and hence no statisti- 
cal comparison is possible. In the case of SPB stars, in an 
unbiased sample of 795 galactic bright B stars, GS07 found 
35 SPB stars, ie. 4.4%. In the SMC we found 8 SPB stars 
among 183 stars, representing a fraction of 4.4%. Both per- 
centages are identical, and both samples are statistically 
significant. 



However, the above statistics are likely to be biased be- 
cause in the galactic sample used by GS07, most of the stars 
are of late B-type, while in our SMC sample most of the 
stars have spectral types B3 or earlier. This is due to the 
fact that the late B stars are much fainter and are difficult 
to observe at the SMC distance. On the other hand, SPB 
stars are of spectral types B2 or later, both in the Galaxy 
and in the SMC. If we restrict our comparison to the B2-B3 
spectral range, in the Galaxy we have 14 SPB stars among 
160 B stars, ie. 8.8%. In the SMC we have 8 SPB among 147 
stars, representing 5.4%. Moreover, the much larger dataset 
of the MACHO survey allows for a much more complete de- 
tection than the Hipparcos data, from which most of the 
known galactic SPB stars have been detected. Finally, the 
figure of eight SPB stars we have found in the SMC is to be 
considered as an upper limit as discussed in the previous 
section. This represents a lower fraction in the SMC than 
in the Galaxy as predicted by the current models. 

All pulsating Be stars found in this work but one are 
of spectral types B3 or earlier. In fact, only 11 Be stars of 
the whole sample have later spectral types. The fraction of 
pulsating Be stars in the SMC is 27% in the B0-B3 interval. 
This percentage is to be compared with 74 % found by GS07 
or 86% given bv lHubert fc Floquetl (| 19981) for pulsating Be 
stars in the Galaxy. Therefore, in the case of Be stars, the 
prevalence of pulsations in the SMC is significantly lower 
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than in the Galaxy, as expected from the lower metallicity 
environment. 

5. Conclusions 

We have searched for short-term variability in a sample of 
183 absorption-line B stars and 126 Be stars in the SMC 
with accurately determined physical parameters. We have 
studied their position in the theoretical HR diagram and 
mapped the regions of pulsational instability in the SMC. 

We have found 9 pulsating absorption-line B stars. 
Among them, 8 have periods longer than 0.5 days, charac- 
teristic of Slow Pulsating B-type stars. The region occupied 
by the SPB stars in the SMC is shifted towards higher tem- 
peratures with respect to the galactic SPB instability strip 
and to the predictions of recent models for Z = 0.005. The 
remaining star presents two short periods within the range 
of the /? Cephei variables. This fact and its high effective 
temperature lead us to propose that it is indeed a (3 Cephei 
star. This is an interesting result as current stellar models 
do not predict (3 Cephei pulsations at the SMC metallicity. 

There are 32 pulsating stars among the Be star sample. 
Most of them are placed in the region occupied by the SPB 
stars in the HR diagram of the SMC and present periods 
longer than 0.5 days. They are most probably g-mode SPB- 
like pulsators. 3 pulsating Be stars are significantly hotter 
and present much shorter periods, within the range of the 
(3 Cephei stars. We propose that they are (3 Cephei-like 
pulsators. 

The prevalence of pulsations among Be stars is signif- 
icantly higher than among absorption- line B stars, much 
as in the Galaxy. We have found that 25.3% of Be stars 
present short-term variability, while only 4.9% of B star 
pulsates. This result indicates that the high rotational ve- 
locity either contributes to trigger the development of non- 
radial pulsations or to enhance the amplitude of the exist- 
ing modes. Alternatively, the prevalence of non-radial pul- 
sations could be related to the still unknown nature of the 
Be phenomenon. 

Both the fraction of SPB among B stars and pulsating 
Be stars among the whole sample of Be stars in the SMC 
are lower than in the Galaxy, indicating that the prevalence 
of pulsations is directly affected by the metallicity of the 
environment, as predicted by the current stellar models. 
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Table 3. Pulsational characteristics of short-period variable Be stars in the SMC. 
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Fig. 2. Phase plots of absorption-line B stars showing short-term variability folded with the frequency given in each panel. 
Phases span from to 2. Magnitudes in the B or R filter are denoted inside each panel. When the star is multiperiodic, 
the frequency used in the plot is given by the label Fl, F2, F3 or F4 inside each panel. 

Table 4. Stars showing the beating phenomenon. The beat frequencies are given in c d _1 in cols. 4 and 5. 
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Table 5. Long-period variable Be stars in the SMC. 
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Fig. 3. Phase plots of Be stars showing short-term variability. Axes and labels as in Fig. [2j 
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Fig. 3. Continued. 
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Fig. 3. Continued. 
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Fig. 3. Continued. 

Table 6. Eclipsing binaries in the SMC. Periods are given in days. 



EIS iD 


MACHO iD 


Sp. T. 


Period 


SMC5_003809 


207.16203.296 


B 


0.8817 


SMC5.004534 


207.16318.41 


B 


4.0513 


SMC5.015429 


207.16316.160 


Be 


0.6523 


SMC5.053563 


207.16205.114 


B 


1.0148 



Table 7. Be stars showing irregular variability or outbursts. 



EIS iD MACHO iD 

SMC5.073581 207.16373.88 

SMC5.074305 207.16317.116 

SMC5_079021 207.16203.94 

SMC5.190576 207.16372.13 

SMC5.744471 207.16204.11 



P. D. Diago et al.: Pulsating B and Be stars in the Small Magellanic Cloud, Online Material p 7 



Phase Diagram (Freq = 0.019277 ) 



Phase Diagram (Freq = 0.019255 ) 




Phase Diagram (Freq = 0.028761 ) 




Phase Diagram (Freq = 0.057798 ) 
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Fig. 5. Phase plots of the stars showing the beating phenomenon. 
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Fig. 6. Phase plots of the Be stars showing long-term periodic variability. Axes and labels as in Fig. [2] 
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Fig. 7. Phase plots of eclipsing binaries in the sample of B stars. Axes and labels as in Fig. [2] 
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Fig. 8. The same as Fig. [7] for an eclipsing Be star. 
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Light curve for 207.1 6203.94R 



Light curve for 207.16204.1 1 R 
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Fig. 9. Light curves of the Be stars showing outbursts and/or irregular variability. 



